Leaves and roots of Acanthospermum australe (Asteraceae) have been used in Brazilian folk medicine for the treatment of various ailments including diarrhea, skin diseases, blennorrhagia, dyspepsia, parasitic worms and malaria. The aim of study was to characterize the chemical profiles of the aqueous and hydroalcoholic extracts of leaves and roots of A. australe, and to evaluate their antimicrobial activities against diarrhea-inducing bacteria (Enterococcus faecalis, Shigella dysenteriae and Yersinia enterocolitica), as well as their cytotoxic properties. Aqueous leaf extracts were obtained by infusion, while aqueous root extracts were obtained by decoction. The hydroalcoholic leaf and root extracts were prepared by maceration in 90% ethanol for 3 days. Antimicrobial activity was assessed using standard techniques and cytotoxicity was evaluated using Chinese hamster ovary cells CHO-K1. Chemical analysis revealed the presence of tannins, flavonoids, saponins and phenolic compounds in the extracts. Although root extracts were not effective against E. faecalis, leaf extracts at concentrations of 20 mg/mL exhibited bactericidal activities against this microorganism. The hydroalcoholic root extract was unique in presenting a bactericidal effect against S. dysenteriae. None of the extracts showed bacteriostatic or bactericidal activities against Y. enterocolitica. The results presented herein demonstrate that the Gram-positive E. faecalis and the Gram-negative S. dysenteriae were susceptible to A. australe extracts, although bacteriostatic/bactericidal activities were only observed at concentrations considered too high for clinical application. Our results support the ethnopharmacological use of A. australe in the treatment of gastrointestinal disorders, particularly diarrhea caused by infectious bacteria, although further studies are required to determine the anti-diarrhea effects and the toxicities of the extracts in vivo.
Introduction
Detailed knowledge of plant-derived medicines has proven useful in drug discovery and forms the base of modern phytotherapy. Indeed, the plant kingdom has been a constant source of active principles for several diseases, from pain and fever to cancer, and continues to be an invaluable font of lead molecules for developing novel pharmaceutical drugs and agrochemicals (Harbone, 1998; Hofling et al., 2010; Veiga Júnior et al., 2005) .
The genus Acanthospermum (Asteraceae) includes six accepted species, namely Acanthospermum australe (Loefl.) Kuntze, A. consobrinum S.F.Blake, A. glabratum (DC.) Wild, A. hispidum DC., A. humile DC. and A. microcarpum B.L.Rob. Of these, A. hispidum is widespread in tropical America and has been the most studied with respect to its medicinal properties, which are principally antibacterial and antifungal (Chakraborty et al., 2012) . However, A. australe, which grows in open areas in Brazil and is considered an invasive weed in some crops and pastures (Lorenzi and Matos, 2002) , is widely used in folk medicine for the treatment of diarrhea, skin diseases, blennorrhagia, dyspepsia, parasitic worms and malaria, among other ailments (Rodrigues and Carvalho, 2001; Lorenzi and Matos, 2002) . Typically, the leaves and roots of this plant are employed in the form of teas or applied as external dressings.
Diarrhea may represent an occasional inconvenience but can be a fatal ailment, especially for young malnourished children or individuals with compromised immune systems. Diarrhea is normally caused by infection of the intestinal tract by bacteria (Campylobacter, Salmonella and Shigella), viruses (rotavirus, norovirus and adenovirus) or parasites (Giardia lamblia, Entamoeba histolytica and Cryptosporidium) that are present in contaminated food or drinking-water or enter the system as a result of poor hygiene (World Health Organization, 2013) .
In view of the above, the present study aimed to characterize the chemical profiles of the aqueous and hydroalcoholic extracts from leaves and roots of A. australe, to evaluate their antimicrobial activities against the diarrhea-inducing bacteria Enterococcus faecalis, Shigella dysenteriae, and Yersinia enterocolitica, and to determine their antioxidant properties and cytotoxic activity.
Materials and Methods

Plant material and preparation of extracts
Leaves and roots of Acanthospermum australe (Loefl.) Kuntze (Flora Digital do Rio Grande do Sul, 2015) , commonly known in Brazil as carrapicho-rasteiro, were collected during June 2014 from plants growing in Lajeado, state of Rio Grande do Sul, Brazil (GPS coordinates: 29°26'52"S; 52°0'56"W). The plant material was botanically identified by Dr. Elisete Maria de Freitas (Centro Universitário UNIVATES) and the voucher specimen was deposited at the Herbário do Vale do Taquari, Museu de Ciências Naturais UNIVATES under accession number HVAT2346.
Freshly harvested leaves and roots were separated, washed under running water and dried in a hot air oven at 40 °C for 22h. Aqueous root extracts were obtained by decoction while aqueous leaf extracts were obtained by infusion in accordance with the techniques employed in traditional folk medicine. Hydroalcoholic extracts of roots and leaves were prepared by maceration in 90% ethanol and exhaustive extraction over 3 days. In each case, the proportion of plant material to extractant was maintained at 1:10 (w/v). Following removal of spent plant material, extracts were concentrated at 40 °C in a rotary evaporator under vacuum and the residues were stored in a freezer at -3 ºC until required for assay. Percentage yields were calculated from the expression (w1/ w0) × 100 where w1 is the dry weight of the extract and w0 is the weight of the initial dried plant material.
Determination of phytochemical profiles of extracts
The presence of alkaloids, saponins, flavonoids, tannins, coumarins, quinones and phenolic compounds in aqueous and hydroalcoholic extracts of A. australe were assessed using the methods described by Harbone (1998) and Simões et al. (2004) . A modified version of the method of Sousa et al. (2007) was employed in the determination of polyphenol content. Briefly, a 40 µL aliquot of extract was transferred to a glass tube containing 3.16 mL of deionized water, 200 µL of 1N Folin Ciocalteau reagent and 600 µL of 15% sodium carbonate solution. After shaking, the tubes were allowed to stand for 30 min in a water bath at 40 °C and absorbance was measured at 765 nm using a Genesys 10S spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Calibration curves were constructed in a similar manner using 40 µL aliquots of solutions containing standard gallic acid at concentrations of 50, 100, 150, 250 and 500 mg/L. The polyphenol contents of the extracts were determined by reference to the calibration curves and expressed as mg of gallic acid equivalent (GAE)/g. All samples were analyzed in triplicate.
Assay of antimicrobial activity
Activities of A. australe extracts against Enterococcus faecalis (ATCC 51299), Shigella dysenteriae (ATCC 13313) and Yersinia enterocolitica (ATCC 9610) were evaluated according to the methodology recommended by the Clinical and Laboratory Standards Institute -CLCI (2012). Bacterial strains, which were provided by the utilização de etnofarmacológica de A. australe no tratamento de perturbações gastrointestinais, especialmente diarreia causadas por bactérias infecciosas, embora sejam necessários mais estudos para determinar os efeitos anti-diarreia e as toxicidades dos extratos in vivo.
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Laboratório de Microrganismos de Referência da Fundação
Oswaldo Cruz (FIOCRUZ), were suspended in brain heart infusion (BHI) liquid medium enriched with 1% glucose and cultivated in Petri dishes containing agar BHI for 24 h at 37 ºC (for E. faecalis and S. dysenteriae) or at 28 ºC (for Y. enterocolitica). Inocula for the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) tests were prepared by suspending microorganisms separately in sterile 0.85% saline solution until the turbidity was equivalent to 0.5 McFarland standard (equivalent to 1.5 x 10 8 colony forming units/mL). The tests were performed in microplates comprising 96-wells, each of which contained a standardized aliquot of the inoculum. Stock solutions containing plant extracts at concentrations of 40 mg/mL were subjected to 1:1 serial dilutions and the diluted extracts (in the range 20 to 5 mg/L) were transferred separately to adjacent wells. Plates were subsequently incubated for 24h at 37 °C (for E. faecalis and S. dysenteriae) or at 28 °C (for Y. enterocolitica), and turbidity within the well was considered an indication of bacterial growth. Appropriate controls were performed using BHI medium and 0.4% chloramphenicol solution in the presence or absence of inoculum, and all assays were carried out in triplicate.
The presence of microbial growth was verified by the addition of a 30 µL aliquot of the redox indicator triphenyl tetrazolium chloride (TTC; 0.5% solution) or of the blue dye resazurin (0.02% solution) whereby, in the presence of viable living cells, the former is reduced to red 1,3,5-triphenylformazan and the latter to pink fluorescent resorufin. The contents of wells that produced negative reactions to these tests were plated on BHI medium and incubated under the conditions described above in order to determine whether the extracts were bacteriostatic, bactericidal or ineffective against the microorganism. For extracts that exhibited bactericidal activities, MBC values were determined by inoculating aliquots of the assay mixtures from wells that showed no microbial growth onto the surface of sterile BHI agar medium. The plates were incubated for 24 h in an oven maintained at 36 °C +/-1 °C and subjected to visual inspection. Signs of growth of the microorganism on the medium indicated that the extracts possessed bacteriostatic activity, while the absence of growth implied that the oil sample was bactericidal. For Y. enterocolitica the plates were incubated for 24 h in an oven maintained at 28 °C +/-1 °C.
Assay of cytotoxicity
Epithelial cells from CHO-K1 chinese hamster ovary were acquired from Rio de Janeiro -Cell Bank. CHO-K1 cells were culturedin Dulbecco's Modified Eagle's medium (DMEM) (Sigma-Aldrich) + Nutrient Mixture F-10 Ham medium (Ham's F-10) (Sigma-Aldrich), both supplemented 10% fetal bovine serum (FBS) (Cultilab), penicillin (60 μg/mL) (Sigma-Aldrich) and streptomycin (100 μg/mL) (Sigma-Aldrich). Cells were incubated at 37 ºC in a humidified atmosphere containing 5% CO 2 (Freshney, 2010) . Cell viability was assessed using the Trypan blue (Sigma-Aldrich) exclusion method.
Toxicity assays were performed in 96-well microplates using a modification of the method of Silva Júnior et al. (2014) . Cells were seeded at a density of 2 × 10 4 cells per well in medium supplemented with 10% FBS and the plates were incubated for adhesion at 37 °C in a humidified atmosphere containing 5% CO 2 for 4 to 5 h. Subsequently, cells were washed with saline solution, treated with doxorubicin (58, 5.8, 0.58 e 0.058 μg/mL) (Sigma-Aldrich), used as a standard, and with aqueous solutions of the plant extracts (100 µg/mL), containing dimethyl sulfoxide at a final concentration of no more than 1%, and incubated for 48 h under the conditions stated above. After this time, the treatments were removed and added medium with 10% solution of Alamar Blue (Invitrogen). After 5 h of incubation, absorbance was measured at 540 nm (oxidized state) and 630 nm (reduced state) using a SpectraMax i3 (Molecular Devices).
All experiments were done, at least, in triplicate. The results were expressed by the cell viability percentage.
Statistical analysis
Statistical analyses were performed using ANOVA followed by Dunnett's test, performed using GraphPad Prism 5.0 (GraphPad Software, Inc). A p value < 0.05 was considered statistically significant.
Results and Discussion
The aqueous extract A. australe leaves gave the highest yield (28.5% based on dry weights) followed by the aqueous root extract (23%), the hydroalcoholic leaf extract (18.7%) and hydroalcoholic root extract (8.8%). The chemical profiles of the leaf and root extracts differed with respect to the type of flavonoids and the presence or absence of saponins as shown in Table 1 . These results confirm the findings of Adati (2006) and , even though the specimens of A. australe were collected at different locations and times of the year. According to Simões et al. (2004) , the presence of tannins is associated with anti-diarrheal activity while condensed tannins and flavonoids are related to the antitumor properties of many plant species. 
Class of compounds Leaf extracts Root extracts
Alkaloids
The polyphenol contents of the extracts, as determined from the standard curve constructed using gallic acid (y = 0.001× -0.00011; R 2 = 0.99994), were: aqueous leaf extract -129.26 mg GAE/g, aqueous root extract -418.05 GAE/g, hydroalcoholic leaf extract -129.87 GAE/g, and hydroalcoholic root extract -399.78 GAE/g. The roots of A. australe were the richest sources of polyphenols, whilst the amounts present in the leaf extracts were rather
The TTC technique employed to verify bacterial growth in the presence of A. australe extracts was found to be unreliable since not all of the assays in which bacterial growth could be observed by turbidity exhibited red coloration with the redox indicator. In contrast, the results obtained using the blue dye resazurin were consistent in revealing bacterial growth through formation of the pink fluorescent reduction product resorufin. Cells in wells that remained blue after incubation with resazurin showed a lack of respiratory activity and were subjected to further incubation on BHI medium to determine whether the extracts were bacteriostatic (MIC), bactericidal (MBC) or ineffective against the tested microorganisms that often cause infectious diarrhea.
As shown in Table 2 , the aqueous leaf extract of A. australe showed bacteriostatic and bactericidal activities against E. faecalis, bacteriostatic activity against S. dysenteriae but was ineffective against Y. enterocolitica. The hydroalcoholic leaf extract showed similar activities against E. faecalis but was ineffective against S. dysenteriae and Y. enterocolitica. In contrast, the aqueous and hydroalcoholic root extracts were ineffective against E. faecalis and Y. enterocolitica but showed bacteriostatic activity against S. dysenteriae. In addition, the hydroalcoholic root extract showed bactericidal activity against S. dysenteriae.
In summary, none of the extracts of A. australe exhibited bacteriostatic or bactericidal activity towards Y. enterocolitica. The root extracts were ineffective against E. faecalis while the leaf extracts showed bactericidal activity towards this microorganism at 20 mg/mL. The hydroalcoholic root extract was unique in exhibiting bactericidal activity against S. dysenteriae, although the effect was only observed at the highest concentration tested. These results demonstrate that the Gram-positive E. faecalis and the Gram-negative S. dysenteriae were susceptible to A. austral extracts, although such activities were only observed at concentrations that would be too high for clinical application. Dietrich (2007) reported that the hydroalcoholic leaf extract from A. australe exhibited pronounced antifungal activities against Candida albicans, C. glabrata, C. dubliniensis and Cryptococcus neoformans at 0.5 mg/mL, but low antibacterial activities against Bacillus subtilis, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Salmonella setubal. In contrast, the hydroalcoholic root extract exhibited low antifungal activity and an absence of antibacterial activity. In agreement with the results of the present study, found that aqueous and ethanolic extracts of A. australe exhibited bacteriostatic/bactericidal activities against E. coli and S. aureus at concentrations that were too high for clinical application. Moreover, Adati (2006) showed that the hydroalcoholic extract from the aerial parts of A. australe exhibited no significant activities against S. aureus, P. aeruginosa, E. coli and Candida albicans, although it presented a low activity towards Aspergillus niger at high concentrations.
It is important to emphasize that the distinction between bactericidal and bacteriostatic agents is only applicable to in vitro assays and is somewhat arbitrary for clinical situations and of limited relevance regarding the majority of infections. While, bacteriostatic/bactericidal data are valuable in determining potential action of antibacterial agents in vitro, according to Pankey and Sabath (2004) it is necessary to combine this information with pharmacokinetic and pharmacodynamic data in order to assess efficacy in vivo. Hence, the results reported herein only provide an indication of the properties of A. australe extracts and more investigations are needed fully to evaluate their potential Table 2 . Antimicrobial activities of leaf and root extracts from Acanthospermum australe as determined using the triphenyl tetrazolium chloride (TTC) and resazurin techniques.
Extract a
Enterococcus faecalis Shigella dysenteriae Yersinia enterocolitica TTC
Resazurin (Takeda et al., 2011; Zhang et al. 2014) . Moreover, E. faecalis is one of the leading causes of nosocomial infections, most of which occur after puncturing trauma or surgery of the abdomen. The bacterium is also responsible for urinary tract infections, bacteremia, endocarditis, meningitis and wound infections (Kau et al., 2005) . Toxicity tests can be performed in vitro using a diverse variety of mammalian cells, including normal adult tissues, embryo and tumor cells, although the last mentioned are more easily cultured because they exhibit higher growth capability and adapt readily to external variations. In this context, Chinese hamster ovary cells CHO-K1 have been employed in numerous genetic, toxicity screening, nutrition and gene expression studies. Determination of the viability of such cells in the presence of the test substance provides an indication of toxicity and can be performed readily using vital dyes such a trypan blue that can only enter dead cells.
A plant extract is generally considered toxic when its IC 50 is lower than 30 µg/mL (Itharat et al., 2004) . In the present case, more than 80% of the CHO-K1 cells remained viable when extracts of A. australe were applied at a concentration of 100 µg/mL, indicating that the leaf and root extracts exhibited no significant toxicity. The greater reduction on the cell viability was observed by the EAF extract which showed a reduction of 12.45 ± 3.78% on the cell viability (Figure 1) . In contrast, Dietrich (2007) observed that T24 human bladder carcinoma cells were more susceptible to hydroalcoholic leaf extracts of A. australe in comparison with hydroalcoholic root extracts. Given that dissimilar cell lines often present differential responses, it is important to carry out assays with various cell types better to predict toxicity in humans.
The present study demonstrated that the aqueous and hydroalcoholic extracts from leaves and roots of A. australe are effective against E. faecalis and S. dysenteriae, although in vitro bacteriostatic/bactericidal activities were observed only when the extracts were applied at elevated concentrations (10 -20 mg/mL) that would not be appropriate in clinical practice or in the production of phytopharmaceuticals.
It is important to emphasize the importance of cytotoxicity studies with plants that are used by the general population, and in the concentrations, that approximate those used in teas. In the results of the present study, there were no toxic concentrations, but as already demonstrated by Cardoso et al. (2014) some plants that are commonly used by the population have a cytotoxic potential, even in the lower concentrations, and further studies are necessary to obtain greater safety in the use of medicinal plants.
The activities of the extracts tested in this study are likely associated with the presence of flavonoids and tannins, but further studies are required in order to determine the exact nature of the active components and their anti-diarrhea effects in vivo. The results presented herein support the ethnopharmacological use of A. australe in the treatment of gastrointestinal disorders, particularly diarrhea caused by infectious enterobacteria. Figure 1 . Cell viability after 48 hours of exposure to 100 μg/mL of the EER, EEF, EAR and EAF extracts evaluated by the Alamar Blue method. The results are presented using percentage of the control (n = 3). P <0.05; ANOVA followed by the Dunnett test when compared to the control (CN).
